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Abstract²7KLVSDSHUSUHVHQWVDE\SDVVORZQRLVHDPSOLILHU
/1$ IRU ;EDQG SKDVHG DUUD\ DSSOLFDWLRQV LQ P 6L*H
%L&026 WHFKQRORJ\ 7KH WUDGHRII EHWZHHQ JDLQ DQG E\SDVV
PRGHVLVFRQVLGHUHGWRDFKLHYHKLJKJDLQDVZHOODVORZQRLVHILJXUH
IRU JDLQ PRGHZKLOHPDLQWDLQLQJ UHDVRQDEOH LQVHUWLRQ ORVV ZLWK
KLJKSRZHUKDQGOLQJFDSDELOLW\LQE\SDVVPRGH,QJDLQPRGHWKH
/1$DFKLHYHVDPHDVXUHGJDLQRIG%DQGDQRLVHILJXUHRI
G%RYHUWKH*+]EDQGZKLOHFRQVXPLQJP:RI
'&SRZHU7KHPHDVXUHGLQSXWUHIHUUHGG%FRPSUHVVLRQSRLQW
,3G%LVG%PDW*+]:KHQRSHUDWLQJLQE\SDVVPRGHWKH
PHDVXUHGLQVHUWLRQORVVLVG%RYHUWKHHQWLUH;EDQGZLWK
WKHPHDVXUHG,3G%RIG%PDW*+]DQGLWGLVVLSDWHVRQO\
:SRZHU 7KDQNV WR WKH E\SDVVLQJ WHFKQLTXH DQ LQFUHDVH RI
DERXWG%LVDFKLHYHGIRU,3G%LQE\SDVVPRGHFRPSDUHWRWKH
JDLQPRGH7KHPHDVXUHGUHWXUQORVVHVDUHEHWWHUWKDQG%IRU
ERWKRSHUDWLQJPRGHVRYHUZKROH;EDQG7KHHIIHFWLYHFKLSDUHD
H[FOXGLQJWKHSDGVLVPP
,QGH[ 7HUPV ² ORZQRLVH DPSOLILHU %L&026 LQWHJUDWHG
FLUFXLWVSKDVHGDUUD\UDGDU
,,1752'8&7,21
$ WUDQVPLWUHFHLYH 75PRGXOHZKLFKHQDEOHV IDVWEHDP
VFDQQLQJDQGHOHFWURQLFVEHDPFRQWUROLVDFUXFLDOSDUWRIWKH
PRGHUQ SKDVHGDUUD\ 5$'$5 V\VWHPV 7KH PRGHUQ SKDVHG
DUUD\ 5$'$5 V\VWHPV FRQVLVW RI VHYHUDO WKRXVDQGV RI 75
PRGXOHVWKHUHIRUHWKHSURSHUWLHVRID75PRGXOHVXFKDVFRVW
VL]HDQGLQWHJUDELOLW\VKRXOGEHWDNHQLQWRFRQVLGHUDWLRQZKHQ
EXLOGLQJDSKDVHGDUUD\5$'$5V\VWHP5HFHQWDGYDQFHVDQG
FRQWLQXHGSURJUHVVLQWKH6L*H%L&026WHFKQRORJ\KDYHPDGH
LWSRVVLEOHWREXLOGORZFRVWDQGIXOO\LQWHJUDWHGFRPSDFWVL]H
75 PRGXOHV ZLWK D FRPSHWLWLYH VRPHWLPHV HYHQ EHWWHU
SHUIRUPDQFHFRPSDUHGWR,,,9FRXQWHUSDUWV>@,QWKHUHFHQW
\HDUV;EDQG75PRGXOH FRUHFKLSV IDEULFDWHG LQ WKH 6L*H
%L&026WHFKQRORJ\KDYHEHHQUHSRUWHG>@
,Q D 5$'$5 V\VWHP WKH G\QDPLF UDQJH RI WKH UHFHLYHU
FKDQQHO LVRQHRI WKHPRVW LPSRUWDQWSDUDPHWHUV1RLVH IORRU
OHYHORIWKHUHFHLYHUFKDQQHOGHWHUPLQHVWKHORZHUOLPLWRIWKH
G\QDPLFUDQJHZKLFKGLUHFWO\UHODWHVWRQRLVHILJXUHDQGJDLQ
SHUIRUPDQFHRIWKH/1$7KHXSSHUOLPLWRIWKHG\QDPLFUDQJH
LVSUHGRPLQDQWO\GHWHUPLQHGE\,3G%RIWKH/1$,WLVFOHDUO\
WKDW/1$LVWKHNH\FRPSRQHQWRID75PRGXOHWRDFKLHYHWKH
KLJKG\QDPLFUDQJHDWWKHUHFHLYHUFKDQQHO$GLUHFWPHWKRGWR
LQFUHDVH ,3G% LV WR LQFUHDVHELDV FXUUHQWVZKLFK UHVXOWVZLWK
PRUHSRZHUFRQVXPSWLRQDQGKLJKHUQRLVHILJXUH(YHQWKRXJK
WKH LQFUHDVH LQ WKH SRZHU FRQVXPSWLRQ RI WKH /1$ FDQ EH
DFFHSWDEOHWKHKLJKHUQRLVHILJXUHFDXVHVKLJKHUQRLVHIORRUDQG
LWLQFUHDVHVWKHORZHUOLPLWRIWKHG\QDPLFUDQJH7KHZD\WR
RYHUFRPH WKLV WUDGHRII LV WR E\SDVV WKH /1$ DW ODUJH LQSXW
SRZHU OHYHOV8S WRQRZDGD\VRQO\D IHZ VWXGLHVKDYHEHHQ
SXEOLVKHGWKDWXVHWKLVXQLTXHE\SDVVLQJWHFKQLTXH>@
,Q WKLV ZRUN ZH SUHVHQW WKH GHVLJQ LPSOHPHQWDWLRQ DQG
PHDVXUHPHQWUHVXOWVRIDQ;EDQGKLJKG\QDPLFUDQJHE\SDVV
/1$XVLQJ ,+3¶VP6L*H%L&026SURFHVV WKDWRIIHUV
WKUHH W\SHVRI+%7VKLJKSHUIRUPDQFHPHGLXPYROWDJHDQG
KLJKYROWDJH7KHKLJKSHUIRUPDQFHWUDQVLVWRUKDVWKHKLJKHVW
IWRI*+]DQGPD[LPXPRVFLOODWLRQIUHTXHQF\IPD[RI
*+] ZLWK D FROOHFWRUHPLWWHU MXQFWLRQ EUHDNGRZQYROWDJH
%9&(2RI97KHKLJKYROWDJH WUDQVLVWRUKDV WKHKLJKHVW
EUHDNGRZQYROWDJH%9&(2!9EXWH[KLELWVWKHIW*+]7KH
SHUIRUPDQFHRIWKHPHGLXPYROWDJHWUDQVLVWRULVLQWKHPLGGOH
ZLWKIWRI*+]DQG%9&(2RI97KLV)(2/SURFHVVDOVR
RIIHUV026WUDQVLVWRUVZKLFKFDQEHXVHGDV5)VZLWFKHV
,,&,5&8,7'(6,*1
7KH VFKHPDWLF YLHZ RI WKH E\SDVV /1$EDVHG RQ D VLQJOH
VWDJHFDVFRGHWRSRORJ\WRJHWKHUZLWKDVHULHVVZLWFKDWE\SDVV
SDWKLVVKRZQLQ)LJ:KHQWKH9%<3$66 LVDSSOLHGDQGWKH
9&&YROWDJHLVVHWWR]HURWKHVZLWFK0LV³RQ´DQGDE\SDVV
SDWKEHWZHHQWKHLQSXWDQGRXWSXW WHUPLQDOVLVIRUPHG:KHQ
WKH9&&YROWDJHLVDSSOLHGDQGWKH9%<3$66YROWDJHLVVHWWR]HUR
WKHVZLWFK0LV³RII´DQGWKHE\SDVV/1$LVRSHUDWLQJDVD
FRQYHQWLRQDOORZQRLVHDPSOLILHUZLWKD5&IHHGEDFNEHFDXVH
RI WKH 5RII UHVLVWDQFH RI WKH WUDQVLVWRU 0 DQG WKH VHULHV
FDSDFLWRUV&6

)LJ &LUFXLWVFKHPDWLFRIWKHE\SDVV/1$
3URFHHGLQJVRI$VLD3DFLILF0LFURZDYH&RQIHUHQFH
&RS\ULJKW,(,&(
:('


)LJ &URVVVHFWLRQDOYLHZRIDW\SLFDOLVRODWHG1026WUDQVLVWRU
7KH E\SDVVLQJ IXQFWLRQDOLW\ ZDV LPSOHPHQWHG E\ D VHULHV
1026VZLWFKXVHGEHWZHHQWKHLQSXWDQGRXWSXWWHUPLQDOVRI
WKHE\SDVV/1$$QLVRODWHGERG\FUHDWHGE\DGHHSQZHOOZDV
XWLOL]HGWRUHGXFHORVVGXHWRWKHVXEVWUDWHFRQGXFWLYLW\>@)LJ
VKRZVWKHFURVVVHFWLRQDOYLHZRIDW\SLFDOWULSOHZHOO1026
WUDQVLVWRUZLWKDQLVRODWHGERG\IURPWKHVXEVWUDWH%HVLGHVWKH
UHVLVWLYH ERG\IORDWLQJ WHFKQLTXHZDV DSSOLHG WR LPSURYH WKH
SRZHUKDQGOLQJFDSDELOLW\RIWKH1026VZLWFK>@$VFRXOG
EHVHHQIURPWKH)LJWKHGUDLQERG\DQGVRXUFHERG\GLRGHV
'GEDQG'VEZLOOEHWXUQHGRQDWKLJKSRZHUVDQGWKHSRZHU
SHUIRUPDQFH RI WKH FRQYHQWLRQDO 1026 ZLOO EH GHJUDGHG
HDUOLHUEHFDXVHRIWKHUDSLGLQFUHDVHRIWKHFXUUHQWRQWKHGLRGHV
'GEDQG'VE+RZHYHUIRUWKHLVRODWHG1026L1026ZLWK
WKHERG\IORDWLQJWHFKQLTXHWKHFXUUHQWRQWKHGLRGHV'GEDQG
'VELQFUHDVHVVPRRWKO\EHFDXVHRIWKHKLJKYDOXHUHVLVWDQFH5E
SODFHGEHWZHHQ WKHERG\WHUPLQDODQG WKHJURXQG7KHUHIRUH
WKH ERG\IORDWLQJ WHFKQLTXH OHDGV WR DQ LPSURYHPHQW LQ WKH
SRZHUKDQGOLQJFDSDELOLW\DVVHHQIURPWKH)LJ
7KHE\SDVV/1$ZDVGHVLJQHGWRREWDLQDKLJKJDLQZLWKORZ
QRLVH ILJXUHSHUIRUPDQFH LQ JDLQPRGHDQGNHHSSURYLGLQJD
UHDVRQDEOHLQVHUWLRQORVVWKDWFDQEHFRPSHQVDWHGE\ODUJHLQSXW
VLJQDOV LQE\SDVVPRGH7KHVLJQLILFDQWGHWHUPLQLQJIDFWRURI
WKHLQVHUWLRQORVVLQE\SDVVPRGHLVWKHUHVLVWDQFHRIWKH1026
LQ RQVWDWH7KHXVHRI ODUJHU1026ZRXOG HQDEOH WRREWDLQ
ORZHU UHVLVWDQFHZKLFKSURYLGHV OHVV LQVHUWLRQ ORVV LQ E\SDVV
PRGH +RZHYHU ODUJHU WUDQVLVWRU EULQJV ODUJHU SDUDVLWLF
FDSDFLWDQFHZKLFKGHWHULRUDWHV WKHJDLQSHUIRUPDQFHRIJDLQ
PRGH7KHUHIRUHWKHFKDQQHOZLGWKRIWKHVZLWFKZDVFKRVHQ
DVȝP
7KHELSRODUFDVFRGHWRSRORJ\LVXVHGWRLPSURYHVWDELOLW\DQG
SURYLGHKLJKHUSRZHUJDLQ1RLVHILJXUHYDOXH1)PLQRI+%7
LVLQYHUVHO\SURSRUWLRQDOWRLWVIW)RUWKLVUHDVRQWKHFRPPRQ
HPLWWHU WUDQVLVWRU 4 ZDV FKRVHQ DV WKH KLJKSHUIRUPDQFH
WUDQVLVWRU7KHFRPPRQEDVHWUDQVLVWRU4ZDVDOVRFKRVHQDV
WKHKLJKSHUIRUPDQFHWUDQVLVWRUWRNHHSLWVQRLVHFRQWULEXWLRQDV
ORZDVSRVVLEOH7KHRSWLPXPEDVHHPLWWHUYROWDJHRI4ZDV
GHWHUPLQHGWRDFKLHYHERWKKLJKJDLQDQGORZQRLVHILJXUH7KH
LQSXW QRLVH DQG SRZHU PDWFKLQJV ZHUH VLPXOWDQHRXVO\
SHUIRUPHGE\VFDOLQJWKHWUDQVLVWRU4DQGXVLQJWKHLQGXFWRUV
/(/%DQGWKHFDSDFLWRUV&,1&67KHRXWSXWRIWKHE\SDVV/1$
ZDV PDWFKHG WR  E\ /2 52 &287 DQG &6 ,Q RUGHU WR
LPSURYHWKHSRZHUOLQHDULW\RIWKH/1$LQJDLQPRGHWKHEDVH
HPLWWHUELDVYROWDJHRI WKH WUDQVLVWRU4ZDV IHG WKURXJK WKH
LQGXFWRU /% LQVWHDG RI D KLJK YDOXH UHVLVWDQFH WR DYRLG
VLJQLILFDQWDPRXQWRIYROWDJHGURSIRUODUJHLQSXWSRZHUOHYHOV

)LJ 6LPSOLILHG HTXLYDOHQW FLUFXLW PRGHOV RI WKH VZLWFK WR
LQYHVWLJDWH WKH SRZHU OLQHDULW\ D 1026 E L1026 ZLWK ERG\
IORDWLQJ

)LJ 6LPXODWHG RQVWDWH SRZHU OLQHDULW\ RI WKH 1026 DQG
L1026ZLWKERG\IORDWLQJ
,,,6,08/$7,21$1'0($685(0(1765(68/76
6SDUDPHWHUVZHUHPHDVXUHG E\ WKH5RKGH	6FKZDU]=9/
QHWZRUN DQDO\]HU FDOLEUDWHGE\ WKH WZRSRUW VKRUWRSHQORDG
WKUX62/7RQFKLSFDOLEUDWLRQWHFKQLTXHDWG%P5)SRUW
SRZHU7KHQRLVHILJXUHRIWKH/1$ZDVPHDVXUHGE\XVLQJWKH
$JLOHQW36$($VSHFWUXPDQDO\]HUXWLOL]HGZLWK$JLOHQW
$ QRLVH VRXUFH DQG$JLOHQW & SUHDPSOLILHU:KHQ
PHDVXULQJ,3G%*+]VLQXVRLGDOLQSXWVLJQDOZDVDSSOLHGDW
GLIIHUHQW SRZHU OHYHOV E\ $JLOHQW 36*(' VLJQDO
JHQHUDWRU DQG WKH RXWSXW SRZHU ZDV PHDVXUHG E\ $JLOHQW
($SRZHUPHWHUDQG($SRZHUVHQVRU7KHGLHSKRWR
RIWKHE\SDVV/1$LVVKRZQLQ)LJ7KHHIIHFWLYHFKLSDUHD
H[FOXGLQJWKHSDGVLVPP
A. Gain Mode 
,QJDLQPRGH WKH/1$GUDZVP$IURPD9VXSSO\
DQGWKHTXLHVFHQWSRZHUFRQVXPSWLRQLVP:6LPXODWHG
DQGPHDVXUHGJDLQDQGLVRODWLRQSHUIRUPDQFHVDUHSUHVHQWHGLQ
)LJ7KHPHDVXUHGSHDNJDLQRIWKHE\SDVV/1$LVG%DW
*+]DQGGURSVWRG%DW*+])LJGHPRQVWUDWHV
WKHVLPXODWHGDQGPHDVXUHGUHWXUQORVVHV7KHPHDVXUHGUHWXUQ
ORVVHVDUHEHWWHUWKDQG%IURPWR*+])LJVKRZVWKH
VLPXODWHG DQGPHDVXUHG QRLVH ILJXUH 1) RI WKH /1$ 7KH
PHDVXUHGQRLVHILJXUHLVORZHUWKDQG%DFURVV;EDQGDQG
LWV PLQLPXP YDOXH LV  G% DW *+] )LJ  VKRZV WKH
PHDVXUHG,3G%RIG%PDW*+]
B. Bypass mode 
,QE\SDVVPRGHWKHSRZHUFRQVXPSWLRQRIWKHE\SDVV/1$
LVMXVW:6LPXODWHGDQGPHDVXUHGVSDUDPHWHUUHVXOWVDUH
VKRZQLQ)LJ7KHPHDVXUHGUHWXUQORVVHVDUHEHWWHUWKDQ
G%IURPWR*+]7KHPHDVXUHGLQVHUWLRQORVVLVOHVV


)LJ &KLSPLFURJUDSKRIWKHGHVLJQHGE\SDVV/1$

)LJ 6LPXODWHGDQGPHDVXUHG6DQG6LQJDLQPRGH

)LJ 6LPXODWHGDQGPHDVXUHG6DQG6LQJDLQPRGH

)LJ 6LPXODWHGPHDVXUHGDQGILWWHGQRLVHILJXUHLQJDLQPRGH

)LJ 0HDVXUHG,3G%LQJDLQPRGH
WKDQG%RYHUWKHZKROH;EDQGDQGWKHPLQLPXPLQVHUWLRQ
ORVV LV DERXW  G% DW  *+] )LJ  VKRZV WKDW WKH
PHDVXUHG,3G%RIWKHE\SDVV/1$LVG%PLQE\SDVVPRGH
7KHUH LVDQ LQFUHDVHRIDERXWG%IRU ,3G%FRPSDUH WR WKH
JDLQPRGH
,9&21&/86,21
'HVLJQ LPSOHPHQWDWLRQDQGPHDVXUHPHQW UHVXOWVRIDKLJK
G\QDPLFUDQJH6L*H%L&026E\SDVV/1$IRU;EDQGSKDVHG
DUUD\5$'$5DSSOLFDWLRQVKDVEHHQSUHVHQWHG7KHE\SDVVLQJ
WHFKQLTXH KDV EHHQ VXFFHVVIXOO\ HPSOR\HG WR RYHUFRPH WKH
WUDGHRIIEHWZHHQORZHUDQGXSSHUOLPLWVRIWKHG\QDPLFUDQJH
7KLVZRUNKLJKOLJKWV WKHSRWHQWLDORI WKHE\SDVVLQJWHFKQLTXH
IRU ;EDQG SKDVHG DUUD\ UDGDU DSSOLFDWLRQV LQ 6L*H +%7
%L&026WHFKQRORJLHV

)LJ 6LPXODWHGDQGPHDVXUHGVSDUDPHWHUVLQE\SDVVPRGH

)LJ 0HDVXUHG,3G%LQE\SDVVPRGH
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